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R1008keratocyte-like manner, with a single, 
flat, actin-rich lamellipod extending 
in the direction of movement. It thus 
displays, in one cell type, three of the 
major ways in which animals cells 
move. 
How do the amoebae know where 
to go? Amoebae are chemotactic: 
they can sense gradients of certain 
chemicals and move along them. 
Dicty is known to chemotax to 
two chemicals: folic acid, which is 
released by bacteria and used in 
the hunt for food, and cAMP, which 
is released by amoebae during 
starvation and used to find each 
other during aggregation. Cells 
have evolved a relay mechanism 
in which cAMP stimulates its own 
release, thus forming waves that 
can propagate through a field of 
responsive amoebae (Figure 2).  
Amoebae respond to cAMP 
gradients by polarising: creating 
a leading edge and a rear with 
different sets of lipids and proteins 
defining each pole. A classic 
example of this is the accumulation 
of PI(3,4,5)P3 at the leading edge. 
After polarising, amoebae begin 
to move up the gradient of cAMP 
and are extremely sensitive to even 
shallow concentration changes —  
they can detect as little as 2% 
difference across their length.  
How cells are able to sense 
and interpret a gradient is a major 
question in biology. It is widely 
accepted that the core features of the 
chemotactic signalling process and 
machinery are conserved from Dicty 
to mammals. Dicty has therefore 
become a very popular model for 
studying chemotaxis, because 
findings in Dicty often translate to the 
directed migration seen during the 
immune response, wound healing, 
embryogenesis and in tumour cell 
metastasis.
What can we learn from its 
development? In Dicty development, 
multicellularity is achieved by 
aggregation of pre-existing cells 
and not by division of a zygote or 
precursor cell, which allows the study 
of development in isolation from the 
cell cycle and cell division.
Cell fate is first determined early in 
development, with pre-stalk and pre-
spore cells arising randomly in a ‘salt 
and pepper’ pattern at the mound 
stage. Fascinatingly, this occurs 
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What is Dictyostelium? 
Dictyostelium discoideum (Dicty) 
is a social amoeba that lives in the 
soil and feeds on bacteria and other 
microbes. Dictyosteliida is a distinct 
branch of the eukaryotes, separate 
from plants, fungi and animals. The 
cells lack a cell wall and resemble 
animal cells in organisation, except 
for the presence of a contractile 
vacuole.
How can an amoeba be ‘social’? 
Dicty is described as social because 
in times of starvation, individual 
amoebae aggregate to form a 
multicellular mound, containing up 
to a hundred thousand cells. The 
aggregate undergoes differentiation 
and morphogenic changes before 
maturing into a fruiting body which 
consists of two main cell types: 
spore cells, which are resistant to 
temperature extremes, desiccation 
and digestion, and stalk cells, 
which form the ancillary structures 
supporting the spore head (Figure 1). 
One interesting intermediary structure 
is the slug; during this stage, the 
aggregate moves collectively, 
responding to light and heat stimuli 
in order to find favourable conditions 
for fruiting body formation. This 
response to starvation is referred 
to as development and by going 
through this social, multicellular 
phase, the population dramatically 
increases their chances of surviving 
unfavourable environmental 
conditions.
So how do the cells move? Dicty 
amoebae are intrinsically motile 
and generally move using what is 
appropriately termed as amoeboid 
movement, producing actin-rich 
pseudopods at the front of the 
cell and using myosin to contract 
the rear. Amoeboid motility is also 
seen in neutrophils and tumour 
cells in animals; however, Dicty 
is flexible: it can also move using 
hydrostatic pressure-driven, actin-
free extensions (blebs), or in a 
Quick guideexperimenter bias. As Francis Bacon points out in the Novum Organum 
(1620), the bee combines the best 
of both worlds: “Empiricists, like 
ants, merely collect things and use 
them. The Rationalists, like spiders, 
spin webs out of themselves. The 
middle way is that of the bee, 
which gathers its materials from the 
flowers . . . but then transforms and 
digests it by a power of its own.”
Can you give a more concrete 
idea of what cognitive science 
should strive for? We need to 
understand the neural circuitry that 
underpins cognitive processes in 
more detail, not just because we 
really still don’t understand how the 
brain works, but also to understand 
the evolution of cognitive capacity. 
‘Intelligence’ is not a biological 
trait that can be mapped onto an 
evolutionary tree in any meaningful 
way. My intuition tells me that many 
types of information processing 
evolve relatively easily in the face of 
the relevant selective pressures, but 
we need to know how many neurons 
(and with which connections) are 
engaged in any defined cognitive 
feat, how many sequential stages 
of information processing there 
are, etc. Insects’ small nervous 
systems should make it feasible to 
explore these questions at a very 
fine-grained level. Will we manage 
a comprehensive understanding of 
the neural basis of cognition in any 
animal in the next few years?  
Maybe not, but “it is more exciting 
not to catch a big fish, than not 
to catch a small one” (A. Szent-
Györgyi). 
Do you have any regrets? There’s 
not enough time in a scientist’s life 
for such indulgence. Can some of my 
colleagues in ageing research please 
ensure a doubling of life expectancy 
for cognitive scientists in the next 
few years? I’m only mid-career, and 
it’s a bit scary to think what I haven’t 
achieved in those two decades. 
There are only two more decades 
left until retirement, and two times 
nought is … — oops. Better get back 
to work right now! 
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R1009Even the mechanism of psychiatric 
drugs such as lithium — a major 
treatment for bipolar disorder — can 
be investigated because many of these 
drugs appear to affect basic cellular 
processes, rather than neuronal-
specific ones.
As Dicty is a professional 
phagocyte, engulfing bacteria 
in an analogous mechanism to 
macrophages, it can be infected 
with intracellular pathogens, 
including Legionella, Mycobacterium 
and Salmonella. Host–pathogen 
interactions are therefore also being 
widely investigated.
What techniques can be used 
with Dicty? Although wild-type 
isolates can only thrive on bacteria, 
lab strains have been selected that 
grow in a simple defined media. 
They can therefore be grown as 
adherent cells on tissue cultures 
plates (mammalian cell culture style), 
on a bacterial lawn (Caenorhabditis 
elegans style) or in shaken 
suspension (Escherichia coli style). 
Dicty has been studied for decades, 
without any apparent positional 
information, in stark contrast to 
major mechanisms of multicellular 
development, which mainly rely 
on gradients of morphogens. After 
differentiation, the different cell type 
precursors sort to different regions 
of the mound. This differentiation-
followed-by-sorting mechanism is 
not exclusive to Dictyostelium —  
similar processes are now  
being reported in chick and  
mouse development.
Despite their early determination, 
cells are not fully committed and 
can transdifferentiate until the late 
stages of development. For example, 
at the slug stage, pre-stalk cells are 
clustered at the front of the structure 
and the rear consists of pre-spore 
cells. If a slug is cut and the pre-stalk  
containing front half removed, pre-
spore cells in the rear portion will 
rapidly transdifferentiate to produce 
a new population of pre-stalk cells 
to restore proportionality, before 
the slug quickly continues on its 
developmental course. How this is 
achieved with such accuracy is  
still far from understood.
How to survive in the soil. Dicty is 
predicted to produce a plethora of 
natural products — the Dicty genome 
contains genes for a surprising 
number of polyketide synthases, 
which can contort carbon backbones 
into all sorts of configurations. 
The majority of these enzymes are 
uncharacterised but their products 
are of great interest since they are 
presumably the arsenal that allows 
Dicty to survive in an environment 
filled with hostile bacteria, fungi and 
nematodes.
Figure 1. Dictyostelium development.
Structures formed during development, arranged chronologically from left to right: mound, tipped mound, first finger, slug, mexican hat, 
mid-culminant and fruiting body.
The social interactions between 
Dicty cells during development 
are also important for survival. 
Development is an altruistic process 
and, for each fruiting body formed, 
20% of the cells entering into the 
aggregate will be sacrificed to form 
stalk cells. Altruism is very intriguing 
from an evolutionary perspective, and 
our understanding of this aspect of 
Dicty biology has been improved by 
the discovery of ‘cheater mutants’. 
When a cheater develops in a 
mixed population, it puts less than 
its fair share of stalk cells into the 
fruiting body, and so benefits from 
the altruistic nature of its unwitting 
cohabiting strain. Many cheater 
mutants have been isolated in the 
laboratory and the challenge now  
is to understand why they have not 
taken over in the wild.
Can Dicty be used for medical 
research? Because so many pathways 
and processes are well conserved 
from Dicty through to mammals, Dicty 
is often a great place to start basic 
research into disease mechanisms. 
Figure 2. Dictyostelium chemotaxis.
All cells are labelled with a marker for the F-actin cytoskeleton, tagged with GFP. (A) Migra-
tion of amoebae towards a micropipette filled with cAMP (position indicated by white dot). 
(B) Formation of an early aggregation centre. (C) Cells streaming during aggregation.
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meaning’ disguised in symbolic 
language has become entrenched in 
popular folk psychology, there is scant 
empirical evidence to support this 
view. Grounded in the neurosciences, 
modern models of dreaming have 
instead focused on understanding the 
observable neural and psychological 
mechanisms that produce dream 
cognition. 
In direct opposition to 
psychoanalytic dream theory, Hobson 
and McCarley first presented their 
‘activation-synthesis’ hypothesis in 
1977, a highly influential neuroscientific 
account of dreaming that rejected 
the notion of dreams originating from 
a ‘meaning’ in need of deciphering. 
The key tenet of Hobson’s distinctly 
anti-Freudian theory was that dreams 
originate from neural signals in the 
brainstem generated during rapid eye 
movement (REM) sleep. According 
to the activation-synthesis model, 
dreaming is experienced when the 
sleeping brain attempts to make some 
sense of this chaotic input into its 
higher-level cortical circuitry. Indeed, 
intermittent bursts of brainstem 
activity are a prominent feature of 
REM sleep, a phase during which 
dreaming is particularly likely to occur. 
Yet, since the late 1960s, it has been 
increasingly recognized that dreaming 
also occurs in the absence of REM, 
and is reported even from the deepest 
stages of ‘slow wave’ sleep. The clear 
presence of dreaming in non-rapid eye 
movement (NREM) sleep, sometimes 
as vivid, bizarre, and story-like as 
REM dreaming, presents a problem 
for models proposing REM-specific 
physiology as the exclusive origin of 
dream experience.
Most recently, developments 
in the cognitive neuroscience of 
memory have led to a new brain-
based framework for understanding 
dreaming, in which dream experience 
is viewed as one of several forms of 
spontaneous offline cognition involving 
the reactivation and processing of 
memory during resting states. There is 
now substantial empirical evidence to 
suggest that, during sleep, the neural-
level ‘replay’ of recent experience 
plays a critical role in the consolidation 
and evolution of memory, helping us 
to process our past experiences and 
prepare for future events. Here, we 
will review evidence that the activity 
of memory systems in the sleeping 
brain contributes to the conscious 
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The activities of the mind and brain 
never cease. Although many of our 
waking hours are spent processing 
sensory input and executing behavioral 
responses, moments of unoccupied 
rest free us to wander through 
thoughts of the past and future, create 
daydreams, and imagine fictitious 
scenarios. During sleep, when attention 
to sensory input is at a minimum, 
the mind continues to process 
information, using memory fragments 
to create the images, thoughts, 
and narratives that we commonly 
call ‘dreaming’. Far from being a 
random or meaningless distraction, 
spontaneous cognition during states 
of sleep and resting wakefulness 
appears to serve important functions 
related to processing past memories 
and planning for the future. From 
single-cell recordings in rodents to 
behavioral studies in humans, recent 
studies in the neurosciences suggest 
a new conception of dreaming as part 
of a continuum of adaptive cognitive 
processing occurring across the full 
range of mind/brain states.
Models of the dreaming process
Once regarded as messages from 
gods or portents of the future, 
supernatural explanations of dreaming 
had largely given way to psychological 
approaches by the late 19th century. 
Yet for many decades to come, 
concepts of dreaming continued to 
be dominated by the presumption 
that these seemingly bizarre nocturnal 
experiences originated in mechanisms 
disparate from those supporting 
normal waking cognition. With the 
publication of The Interpretation of 
Dreams in 1900, Freud famously 
popularized the notion that dream 
content cannot be taken at face 
value, instead originating in complex 
psychological mechanisms entirely 
dissimilar from those generating the 
thoughts, feelings, and reminiscences 
of our typical waking experience. 
Although the Freudian notion that 
Primerand so virtually every molecular tool required for genetics has been 
developed for use in this system, 
for example: gene knock-outs and 
knock-ins; insertional mutagenesis 
(REMI); cell-type-specific or 
inducible expression systems; 
replicative and integrative plasmids. 
Cell biological tools such as protein 
tagging, organelle markers, and 
immunostaining are also available. 
All strains generated can be easily 
frozen down in liquid nitrogen for 
long-term storage.
What resources are there? Since 
the completion of the genome in 
2005, it has become easy to search 
for gene homologues in Dicty. The 
genome is very simple to browse 
thanks to dictyBase, a website 
that provides access to all sorts 
of information from movies, to 
techniques, to mutant phenotypes, 
to gene expression data. The stock 
centre is another fantastic resource: 
a central repository where wild-type 
strains, mutants, cDNA libraries 
and constructs are maintained and 
available to order.
Anything else? Dicty is being used 
to study so much more than has been 
possible to mention here! Many other 
researchers have taken advantage 
of Dicty’s genetic tractability and 
conserved machinery to investigate 
other biological processes such as 
histone modification, DNA repair 
pathways, mitochondrial diseases 
and nuclear architecture.
Others are interested in Dicty biology 
itself and how Dictyosteliida do things 
such as sexual reproduction; how this 
is achieved in lower eukaryotes can 
tell us much about evolution of such 
fundamental processes.
Where can I find out more?
http://dictybase.org/
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